Objective The leukocyte count is frequently used to evaluate suspected bacterial infections but estimates of its test performance vary considerably. We evaluated its accuracy for the detection of serious bacterial infections in febrile children. Design Prospective cohort study. Setting Paediatric emergency department. Patients Febrile 0-5-year-olds who had a leukocyte count on presentation. Outcome measures Accuracy of total white blood cell and absolute neutrophil counts for the detection of urinary tract infection, bacteraemia, pneumonia and a combined ('any serious bacterial infection') category. Logistic regression models were fitted for each outcome. Reference standards were microbiological/radiological tests and clinical follow-up. Results Serious bacterial infections were present in 714 (18.3%) of 3893 illness episodes. The area under the receiver operating characteristic curve for 'any serious bacterial infection' was 0.653 (95% CI 0.630 to 0.676) for the total white blood cell count and 0.638 (95% CI 0.615 to 0.662) for absolute neutrophil count. A white blood cell count threshold >15×10 9 /L had a sensitivity of 47% (95% CI 43% to 50%), specificity 76% (95% CI 74% to 77%), positive likelihood ratio 1.93 (95% CI 1.75 to 2.13) and negative likelihood ratio 0.70 (95% CI 0.65 to 0.75). An absolute neutrophil count threshold >10×10 9 /L had a sensitivity of 41% (95% CI 38% to 45%), specificity 78% (95% CI 76% to 79%), positive likelihood ratio 1.87 (95% CI 1.68 to 2.09) and negative likelihood ratio 0.75 (95% CI 0.71 to 0.80). Conclusions The total white blood cell count and absolute neutrophil count are not sufficiently accurate triage tests for febrile children with suspected serious bacterial infection.
INTRODUCTION
Febrile illnesses are common in young children 1 and account for 20% to 30% of all visits to paediatric emergency departments. [2] [3] [4] Although most febrile episodes are self-limiting viral infections, a significant proportion (7% to 27% depending upon the setting) are due to serious bacterial infections, [5] [6] [7] [8] where a delayed diagnosis may lead to prolongation of illness, untoward complications or death. 9 10 In one study, 95% of cases of bacteraemia, over half of all cases of pneumonia and all urinary tract infections were missed on history and examination, highlighting the challenging nature of the clinical evaluation of the febrile child. 11 During the initial assessment of febrile children, clinicians therefore frequently rely on rapid laboratory tests, most commonly the total white blood cell and the absolute neutrophil counts to assess the likelihood of underlying serious bacterial infections. 12 13 International guidelines and clinical decision rules for the evaluation of febrile children provide specific white blood cell count thresholds to guide further investigations and antibiotic therapy. [14] [15] [16] Results of previous studies of test performance of total white blood cell count have been variable, with the reported sensitivities and specificities for the commonly used total white blood cell count threshold of greater than 15×10 9 /L ranging from 38% to 86% and 53% to 85%, respectively. 7 17-22 Reports of test accuracy of the absolute neutrophil count are equally contradictory (sensitivity range: 28% to 87%; specificity range: 68% to 95%). 17 19 21 23 24 Despite the near universal use of these tests in this setting, and the very common nature of febrile illness in children, there remains considerable uncertainty about their accuracy and clinical utility. Furthermore, most of the studies were performed before the introduction of routine What is already known ▸ The white blood cell and absolute neutrophil counts are frequently used in the initial evaluation of febrile children for suspected serious bacterial infections. ▸ Existing guidelines for evaluation of febrile children endorse the use of specific white cell count thresholds to guide management. ▸ Reports of the accuracy of these tests are contradictory, based on small studies limited in their design, conducted mostly in the prepneumococcal vaccine era.
What this study adds
▸ The white blood cell and absolute neutrophil counts are inaccurate markers of serious bacterial infection in children less than 5 years old presenting with fever. ▸ A white cell count threshold of 15×10 9 /L misses half of all serious bacterial infections while misclassifying a quarter of self-limiting illnesses. ▸ Recommendations regarding white cell count testing for febrile children need careful re-evaluation.
pneumococcal immunisation and when Streptococcus pneumoniae was the commonest cause of bacteraemia. Reliance on an inaccurate marker to triage febrile children with a likelihood of underlying serious bacterial infection could cause delayed or missed diagnoses if test sensitivity is low and overinvestigation and overtreatment of self-limiting viral illnesses if specificity is low. The aim of our study was to determine the test performance of the total white blood cell and absolute neutrophil counts for the detection of the three most common serious bacterial infections in young children, namely urinary tract infections, bacteraemia and pneumonia in a broad spectrum of young children presenting with fever. Our assumption was that these tests are used as triage tools, to identify children who are test positive and presumably have high likelihood of infection, who would then be investigated further and be treated empirically pending microbiological culture results. 
METHODS

Recruitment
Consecutive children under 5 years of age presenting to the emergency department with a febrile illness (as defined elsewhere) 5 were eligible. All investigations including full blood count were at the discretion of the treating doctors. For ethical reasons we did not mandate that a full blood count or reference standard tests (blood culture, urine culture, chest X-ray) be performed on all eligible children.
Study exclusion criteria
Children transferred from another hospital, those with malignancy, and transplant recipients were excluded. The unit of analysis was an instance of febrile illness. In case of multiple presentations, 5 for the same illness, the history and clinical evaluation data from the first visit were included.
White blood cell count and differential count
Cells were stained using Stromatolyser 4DLS fluorescent dye. Total and differential cell counts were performed by flow cytometry using the Sysmex XT-2000i system.
Data collection
Children were triaged on presentation to the emergency department by the triage nurse according to the Australasian triage scale to one of five triage categories in decreasing order of clinical urgency. 26 Clinical information for each illness episode was entered by the examining physician into a mandatory template (described elsewhere), 5 added to the hospital's electronic record keeping system. This information was entered into a research data base. Records of investigations carried out at the hospital were electronically linked by unique medical record number and date to within 3 days of triage date of eligible febrile visits.
Outcome definitions
The primary outcomes of interest were the three most common serious bacterial infections in young febrile children, urinary tract infection, pneumonia and bacteraemia. There were too few cases of other forms of serious bacterial infection such as meningitis, osteomyelitis and septic arthritis to provide robust estimates of test performance for these infections separately. We included these illnesses in a fourth category, 'any serious bacterial infection', in combination with any of the three common infections. In cases where multiple infections clustered together, for example when a child developed concomitant urinary tract infection and bacteraemia, they were included in all relevant outcomes. The reference standard test criteria included culture positivity (for urinary tract infection and bacteraemia) or radiological criteria (for pneumonia) as detailed elsewhere. 5 
Follow-up
All participants were followed until they fulfilled the case definition for serious bacterial infection or until the fever had resolved for over 24 h. Follow-up included review of hospital records, and parental phone contact at day 10-14. Results of tests done at any other healthcare facility were obtained with parental permission.
Statistical analysis
The unit of analysis was a febrile illness with at least one total white blood cell count performed on presentation. Where multiple counts were performed during a single illness, only the first was analysed. For each of the outcomes of interest (urinary tract infection, bacteraemia, pneumonia and any serious bacterial infection), estimates of sensitivity and specificity (with their 95% CIs) were computed separately for total white blood cell and absolute neutrophil counts at cut-off values commonly used to define test positivity. A separate logistic regression model was fitted for each outcome to generate the receiver operating characteristic curve and corresponding area under the curve for total white blood cell and absolute neutrophil counts. The analysis was performed using computer software SAS V.9.3. The method of DeLong et al 27 as implemented in a SAS macro was used to obtain CIs for the area under the curves.
Age and temperature are frequently included variables in decision rules and diagnostic algorithms for serious bacterial infections in febrile children. We assessed whether the accuracy of total white blood cell count was modified by age by including an interaction between total white blood cell count and age group (0-<3 months, 3-<6 months, 6-<12 months, 12-<24 months and ≥24 months) in the model. The same approach was used to assess for any interaction with temperature (<38°C, 38-<39°C, 39-<40°C and ≥40°C). The Wald statistic was used to test for interaction.
RESULTS
Participant recruitment
There were 15 781 episodes of febrile illness (involving 16 742 visits to the emergency department) that met the FEVER study inclusion criteria (one illness episode could include more than one visit) as shown in figure 1. Of these 3893 (24.7%) illnesses had a full blood count reported and were included in this study.
Characteristics of the enrolled children
Of the 3893 febrile episodes, 1398 (35.9%) were in infants under 1 year of age, 1051 (27.0%) were in the 1-2-year age group and 1444 (37.0%) were in ages between 2 and 5 years (table 1). The median duration of illness was 48.0 h (IQR 24-96 h). The most common provisional diagnosis was viral infection (in 913 (23.5%) illnesses).
Patient characteristics of the illness episodes included in this study compared with the overall FEVER cohort are detailed in table 2. Children and infants who received a more urgent triage category (categories 1-3), required admission, had no obvious focus of infection or had a provisional diagnosis of a serious bacterial infection, and very young infants (under 3 months of age) were more likely to undergo a full blood count.
Serious bacterial infections
One or more serious bacterial infections were present in 714 (18.3%) of the 3893 febrile illness episodes. These included bacteraemia in 60 (1.5%) of the 3893 illness episodes with a predominance of S pneumoniae (21), followed by Escherichia coli (12), Staphylococcus aureus (6), other Staphylococcus species (4), Streptococcus pyogenes (5), group B Streptococcus (3), one each of Salmonella species and Neisseria meningitidis and seven other miscellaneous organisms. Pneumonia was diagnosed in 328 (8.4%) and urinary tract infections in 345 (8.9%) of the 3893 illness episodes. Two or more serious bacterial infections were present in 38 illness episodes.
Test performance of the total white blood cell count and absolute neutrophil count
The area under the receiver operating characteristic curve for the combined 'any serious bacterial infection' category was 0.653 (95% CI 0.630 to 0.676) for total white blood cell count and 0.638 (95% CI 0.615 to 0.662) for absolute neutrophil count with similar results across individual infection categories. Threshold-specific sensitivities, specificities and likelihood ratios are provided in figures 2 and 3. There was no evidence that the test performance of the total white blood cell count for 'any serious bacterial infection' differed by age group ( p value for interaction=0.66) or temperature category ( p value for interaction=0.52).
DISCUSSION
In this large prospective cohort study, the total white blood cell and absolute neutrophil counts failed to detect the three most common serious bacterial infections in young febrile children with fever across a broad range of ages. The low sensitivity and specificity at the conventional threshold of 15×10 9 /L for the total white blood cell count is an important finding for policy and practice as many practice guidelines and decision rules for the evaluation of young infants and children with fever have recommended this cut-off value for gauging the likelihood of serious bacterial infection.
14-16 28 29 The policy statement by the National Institute for Health and Care Excellence on evaluation of febrile illness states that well appearing febrile infants, 1-3 months of age with a total white cell count between 5×10 9 / L and 15×10 9 /L may be exempt from lumbar puncture and empiric antibiotic therapy. 29 Various low risk (of sepsis) criteria for evaluation of febrile young infants include similar recommendations. 16 Appearance itself is a poor discriminator of serious bacterial infection in young infants, 30 and our findings suggest that relying on the white cell count would miss serious bacterial infections in this very vulnerable population. The American College of Emergency Physicians' clinical policy for young children presenting to emergency department with fever, recommends consideration of empiric antibiotic therapy for previously healthy, well appearing children, aged between 3 and 36 months with fever without a source, a temperature above 39°C and total white blood cell count of 15×10 9 /L or greater.
14 This cut-off would miss a significant proportion of children with serious bacterial infections, perhaps as many as one-half, while subjecting a quarter of those with fever due to selflimiting illness to unnecessary tests, treatment or hospitalisation. As well as promoting misclassification for individual children, the widespread use of these tests means that the costs of testing, hospitalisation and treatment of relatively well children with 'elevated' counts are substantial. Our study strongly suggests that these tests should not be routinely used to guide management in otherwise healthy children presenting with an intercurrent febrile illness. However, leukocyte count has a definite role in a select subset of febrile presentations, including immune suppressed children, for example those on chemotherapy, who are at a high risk of neutropenic sepsis or those with prolonged unexplained or recurring fevers where the differential diagnoses would include conditions such as haematological malignancies. Our findings should not preclude testing in these clinical contexts.
Previous studies with findings similar to ours mostly lacked precision and generalisability in view of either small sample size, incomplete or unreported verification of outcome, narrow age ranges, sole outcome measure (bacteraemia) or had preceded the introduction of routine pneumococcal immunisation. 31 32 Studies which reported favourable estimates of test performance tested only for bacteraemia, with pneumococcal bacteraemia predominating, in children aged between 3 and 36 months. 18 19 33 Our study has several strengths. It is large, with precise estimates of test performance, included a broad range of ages and all serious bacterial infections of interest. Very few included children did not have their final diagnosis clarified through follow-up and follow-up testing. But there are some potential limitations. Confirmation of bacterial pneumonia was based mostly on radiological testing since routine culture of pleural fluid is not clinically justifiable. All abnormal radiographs were reviewed by two specialist paediatricians experienced in infectious diseases and respiratory medicine and a radiologist but there remains a possibility of misclassification of some viral pneumonias falsely lowering test sensitivity. However, the tests' performance characteristics for pneumonia did not differ from the other infection categories. There was an identifiable focus of infection in 9% of the study population, some of which may have been of bacterial origin where the leukocyte counts may have been appropriately elevated, falsely lowering the test specificity. As they were relatively few in number, we believe that it is unlikely to have had a significant impact on the overall accuracy of our analysis. Only one-quarter of the FEVER cohort had a full blood count. As expected, infants and children who were more unwell on presentation were more prone to testing. Selective testing of the more unwell children may have resulted Figure 2 Receiver operating characteristic curve of the total white blood cell (WBC) count for detecting serious bacterial infections in young children with fever.
in overestimates of test performance due to spectrum bias. However, testing all children was not possible ethically. Recent results from the National Hospital Ambulatory Medical Care Survey of Emergency Department practice in the US showed that a full blood count was ordered in 20.5% of children aged 3-36 months who presented with fever and without source. 3 In our study 24.7% of all febrile illnesses had a full blood count, suggesting our results are broadly transferrable. Finally, not all children who had a full blood count had microbiological and radiological verification (see figure 1) . To minimise the potential for verification bias, we applied a double reference standard, whereby children were classified as negative for serious bacterial infection if all reference standard tests were done and were negative or if on follow-up a parent reported resolution of the child's illness by day 10-14. We had a high follow-up rate of 95.9% but there remains a possibility that some cases of bacteraemia, urinary tract infection and pneumonia that resolved spontaneously may have been missed. These biases typically cause overestimates of test performance. Given our findings, the policy and clinical implications of our study remain and perhaps should be even stronger.
CONCLUSION
To conclude, the total white blood cell and absolute neutrophil counts do not have sufficient accuracy to be useful as triage tools for evaluating likelihood of serious bacterial infections in febrile children. Clinicians relying on these tests risk overinvestigation and overtreatment of children with benign, self-resolving illnesses as well as missing a substantial proportion of children with serious bacterial infections.
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